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INTRODUCTION
A _dicarbonyl compound, 2,)-butanedione, commonly

referred to as diacetyl or biacetyl, is considered by many
to be-an important flavor constituent of butter and butter
cultures.

Milkfat has no natural diacetyl content and in

the past the diacetyl found in butter resulted from bacterial fermentation of the cream before churning.

In recent

·years commercial lactic cultures have been used, which are ·
added to the fat granules before ''working" of the butter.
Bacterial cultures used by the dairy industry generally consist of a mixture of two streptococcus types.

A

homofermentative type produces primarily lactic acid from
the lactose of milk.

In butter and cheese cultures, these

bacteria are generally of the species Streptococcus lactis
or Streptococcus cremoris.

The second type encountered 1s

heterofermentative and produces volatile acids, carbon
dioxide, acetylmethylcarbinol and diacetyl as the end products of the fermentation of lactose and citric acid.

These

bacteria are usually classified in the genus Leuconostoc
and are considered to be either Leuconostoc citrovorum or
Leuconostoc dextranicum.

Since these organisms produce

very little acid in milk, they are grown in association
with the lactic acid producing organisms because the production of diacetyl occurs at a pH lower than that of fresh
milk.

The selection of the more desirable organisms and
maintenance of a desirable ratio between the lactic acid
producing . and the flavor produ·c ing organisms is done with
..some difficulty.

This has resulted in a lack of uniformity

of flavor when such .cultures are added to butter during
manufacture.

Failure to maintain a consistent level of

flavor from cultures in butter has made the practice of
adding such cultures to butter almost non-existent in the
United States.
In the past, especially in the 19JO's, some work was
done using selected strains of Leuconostoc in cream and
acidifying with various acidulants prior to churning the
butter.

This practice required much time and equipment to

incubate large lots of cream inoculated with these organ_. ..
isms.

This practice was not economically feasible then and

would not be feasible today w1th present-day high-volume
plants and the increasing accent on time-saving production
methods.

This practice also led to many flavor defects

because of poor control of the fermentation and low serum
pH values in the butter, which gave undesirable flavor
defects in salted butter during storage.
The .purpose of the research in this paper was to modify the Prill and Hammer (24) method for the determination
of d1acetyl so that six analyses could be carried out on
one apparatus.

Some of the factors which influence the
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production of d_1acetyl by pure strains of d1acetyl producing organisms were investigated.
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REVIEW OF LITERATURE
In their review on the bacteriology of butter cultures,
Hammer and Babel (12) stated that before the turn of the
century, Conn in the United States and _Storch in Denmark
reported their investigations of natural starter cultures.
Their attempts to isolate desirable organisms in pure culture for use as·starters usually did not produce fine fla·vored butter from pasteurized cream.

They concluded that

the organisms and processes involved in the production of
flavor imparted to butter were more complex than to involve
a single pure strain of a lactic acid producing organism.
Until 1919 little further knowledge was gained whether
the·flavor imparted to butter by cultures was the result of
one organism or a mixture of organisms.

In 1919 Hammer and

Bailey (13) in the United States, Storch (27) in Denmark
and Boekhout and Ott de Vries (2) in the Netherlands gave
reports which established that organisms which are now
classified ass. lactis ors. cremoris were responsible for
lactic acid production.

Other organisms isolated from the

same culture were found responsible for the production of
volatile acids, flavor and aroma.

These organisms were

isolated with difficulty because they exhibited no apparent
growth in litmus milk or on the agar media used for
lactis.

s.

Since these organisms constituted only a small

.5
percentage of the total numbers present, they were generally not isolated by the dilution method used at that time.

Hammer and Bailey (1J) found that isolates of~ •
..lactis a.nd the bacteria, which .they isolated and named
associative organisms, did not produce appreciable amounts
of volatile acidity when grown alone in pure culture.

When

combinations of the two types of organisms were grown
together, the cultures produced high amounts . of volatile
acidity and had flavor and aroma characteristics of a good
butter culture.

They concluded that the two types of organ- . _

isms were necessary in a satisfactory starter culture .and
that the high volatile acidity of such a culture is not
produced by the growth of~. lactis alone.

They did not

make an attempt to artificially acidify a culture of the
associate bacteria with an inorganic or organic acid in
this study.
In further studies, Hammer (11) in 1920, suggested
that citric acid, as an added substrate to milk, contributes to the volatile acidity produced by cultures of two
species of associative bacteria which he isolated and
described.

He proposed the names Streptococcus citrovorus

and Streptococcus paracitrovorus for these organisms.
These species are now regarded as synonymous with Leuconostoc citrovorum and Leuconostoc dextranicum as described ·
in Bergey's Manual of Determinative Bacteriology (3).
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Hammer (11) further demonstrated that the volatile
acidity from the addition · of citric a·c id was increased to
approximately twice the levels obtained by the addition of
·lactic acid, ammonium lactate or calcium lactate.

In gen-

eral, the associative organisms studied produced values in
the range of 18.5-30.0 ml for cultures to which no acids
were added and ~5.0-85.0 ml for cultures to which .citric
acid was added.

Volatile acidity was expressed as ml of

0.1N NaOH to neutralize 1000 ml of steam distillate from
250 g of culture.

The results indicated that there was

some volatile acidity produced by the _culture with no added
acidulant.

This was attributed to the fact that these

organisms normally -produce about 0.25% or more developed
acidity expressed as lactic acid. and there would be some
fermentation of citric acid naturally present in milk.

The

highest level of citric acid added was 1.5 g to 325 ml of
milk or about 0.46%.

These studies did not indicate pH of

the culture at this· level of citric acid addition but from
the estimated percentage of addition from the data, it is
probable the pH of the culture would not be below pH 5.0.
In 1929 van Niel

il &•

(29) ·and Schmalfuss and

Barthmeyer (25) presented evidence that diacetyl was the
substance responsible for the characteristic aroma of
butter.

These findings stimulated research on the produc-

tion of d1acetyl and acetylmethylcarbinol in cultures.

?

· Michaelian and Hammer (17) studied the production of
diacetyl and acetylmethylcarbinol by ·butter cultures and
found that these substances, and the volatile acids, were
·formed rapidly by a mixed type culture · late in the incubation period (24 hours after inoculation or longer.)

They

also found that these substances were not formed to any
extent when the citric acid fermenting streptococci . (the
as·s ociat1ve bacteria) were not present in great numbers.
None of the 34 pure strains of~. lactis and only a small
number of citric acid fermenting streptococci studied. produced appreciable quantities of diacetyl and acetylmethylcarbinol in milk.
Diacetyl production by pure strain cultures.

There have .,

been attempts made to use pure strain cultures of citric
acid fermenting streptococci in culturing cream that is to ·
be churned into butter.
M1chael1an and Hammer (17) found that the amount of
diacetyl and acetylmethylcarbinol in the pure cultures of
citric acid fermenting .streptococci could be greatly
increased by adding small amounts of citric acid.

A vari-

ety of other acids proved to be stimulatory but when citric

acid was compared to the other acids, greater amounts of
diacetyl were produced.

When such a culture of a citric

acid fermenting streptococcus was incubated for 24 hours
and was acidified with citric acid, they found that
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considerable amounts of diacetyl plus acetylmethylcarbinol
were formed within 15 minutes and con·t inued to be formed at
a rapid .rate.

They also killed cultures of citric acid

fermenting streptococci after an initial incubation for 48
hours at 21 C with heat, formalin, and chloroform.

No pro-

duction of acetylmethylcarbinol and diacetyl occurred in the
treated flasks ~hen 0.15% citric acid and 0.30% sulfuric
acid were added to each flask and held for 24 and 72 hours
before analysis.

These results indicated to them that

there was no reaction between the compounds formed by. the
organisms and lactose, citric acid, or other constituents
qf milk.

They speculated that these flavor compounds are

produced by the organisms under conditions of acidity
adverse to growth.

All results were reported as diacetyl

plus acetylmethylcarbinol and no separate analyses of
diacetyl were made in this study.
Michaelian

tl fil•

(16} stated that an advantage of

working with a pure culture of citric acid fermenting
streptococci rather than a mixture of the two types of
organisms is that the flavor producing organisms sometimes
fail to increase during the early part of the incubation
period, which results in a bland acid flavored culture.
Disadvantages listed for pure cultures of citric acid
fermenting streptococci were that they are more difficult
to propagate under practical conditions than mixed strain
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butter cultures, and that more time is required for their
development.

The difficulty in propagation is largely due

to the · fact that .these organisms do not produce substantial
..amounts of lactic acid which would retard growth of contaminating organisms in the culture.

Since the lots of cream

used for manufacture of butter would have defect producing
organisms surviving pasteurization, this was an important
consideration.
Before 1940 the common method of producing cultured
butter was to inoculate a vat of pasteurized cream with the
culture and incubate at· 21 C for up to 24 hours before
churning.

With a citric acid fermenting streptococcus,

this procedure required up to 24 hours additional time for
acidification of the cream with citric acid or other acids
and subsequent production of flavor components in the cream
to be churned.

This, of course, would involve storage of

cream in large storage vats for long periods of time which
wasn't feasible then and certainly would not be feasible
today with high volume production methods.

However, if a

small amount (2% or less by weight) of a citric acid fermenting culture were added to butter granules and worked
into the butter, these disadvantages would largely be overcome.
In the studies of Michaelian

il il• (16),

a butter

culture was prepared by inoculating pasteurized milk with a
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15 to

citric acid fermenting streptococcus and incubating
24 hours at 21

c.

At the end of the ·incubation period,

0.15% citric acid· and 0.3% sulfuric acid was added to pro..duce acid pH conditions and the culture was held for intervals from 2 hours up to 96 hours before analysis.

The

greatest amounts of diacetyl and acetylmethylcarbinol were
produced after 24 hours of additional incubation.

A de-

crease was noted after additional holding of 48 to 96 hours
at 21

c.

Although considerable quantities of diacetyl and

acetylmethylcarbinol were produced at acidities from _pH J.1
to 4.6, the production was greatest at pH 4.0-4.J.
Hammer

il tl•

(14) reported that citric acid fer-

menting organisms of butter cultures were capable of
reducing acetylmethylcarbinol or diacetyl to 2,3-butylene
glycol and this reduction accounted for the disappearance
of acetylmethylcarbinol and diacetyl in butter cultures.
They also reported a delay in the reduction of these compounds to 2,3-butylene glycol at acid conditions (pH

J.9-

5.0) both in a mixed type butter culture and in pure cultures of citric acid fermenting streptococci.

Low

temperatures obtained by cooling cultures in ice water
baths after incubation also delayed the reduction of
acetylmethylcarbinol.

The cultures were acidified with

0.15% citric acid and sulfuric acid sufficient to bring to
the desired pH.

Various other chemicals also showed a
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significant slowing of the rate of reduction of acetylmethylcarbinol.

Among these were hydrogen peroxide, sodium

fumarate . and sodium chloride.
Michaelian and Hammer (18) · studied butter cultures
under the influence of different gases by bubbling them
through the culture.

Oxygen gave a higher yield of di-

acetyl than the.control through which no gas was bubbled,
while carbon dioxide, hydrogen and nitrogen gave lower
yields.

The cultures were acidified with a mixture of

0.15% citric acid plus enough sulfuric acid to adjust- the
pH to J.8-;.9. They found a greater amount of diacetyl produced with the combination of citric and sulfuric acids
than when cultures -were acidified with sulfuric acid alone.
They observed that in a number of instances there was a
comparatively low yield of acetylmethylcarbinol plus diacetyl.

At the same time the yield of diacetyl was high in

cultures with oxygen bubbled through them or those exposed
to air.
Brewer

ll

al. (4) investigated the effect of agitation

under air pressure on both citric acid fermenting streptococci and butter cultures.

They found that pressure with-

out agitation was not effective in increasing the diacetyl
content of butter cultures and pure cultures of citric acid
fermenting streptococci.

Air pressures exceeding 15 pounds

per square inch combined with agitation of the cultures in
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specially constructed pressure vessels were needed to substantially increase diacetyl production.

Saturation of the

culture with oxygen by bubbling the pure gas through the
culture and vessel for 30 minut·e s prior to exe:rting 60
pounds per square inch of pressure, or holding at no pressure, gave no advantage over the same cultures aerated with
compressed air.

In these studies cultures were acidified

with 0.15% citric acid plus sulfuric acid sufficient to
bring to the desired pH.
In a study of the effect of pH on the production of
acetylmethylcarbinol plus diacetyl with citric acid, l _a ctic
acid, sulfuric acid and mixed sulfuric and lactic acid,
Mic~aelian

tl• (19)

found that citric acid gave signif-

icantly higher yields of diacetyl plus acetylmethylcarbinol
with seven citric acid fermenting organisms.

Maximum pro-

duction of these compounds was obtained at a pH of 3.9-J.7.
No attempts to measure diacetyl separately were reported.
They observed that when lactic acid alone was used to acidify milk cultures of the organisms, the yield of acetylmethylcarbinol plus diacetyl was comparatively much lower
than when other acids were used.
Glenn and Prouty (10) studied changes in numbers of
Leuconostoc citrovorum. and Streptococcus cremoris in mixed
cultures during incubation and also followed changes in pH
and levels of acetylmethylcarbinol plus diacetyl.

They

1J
agreed with Michaelian

ll

.2;1,. (19) that acetylmethylcarbinol ·

plus diacetyl production was related · to pH rather than
having · a direct correlation with numbers of organisms as
..there had been appreciable growth of Leuconostoc bacteria.
They found that the -highest levels of these flavor compounds were at J5 hours after starting the incubation which
would range from 20 to 24 hours after coagulation.

They

stated the greatest rate of production was from coagulation
to 24 hours with a slower rate up to 35 hours and then diacetyl was destroyed after that time.
Mather and Babel (15) used a pure culture of

1•

citrovorum to standardize the diacetyl content of creamed
cottage cheese.

The culture was grown in skimmilk which

was heated in flowing steam for- one hour and cooled to
?OF.

A 2% inoculum of&• citrovorum was added and the

milk incubated at ?OF for 48 hours.

After this incubation,

15% citric acid was added to seven
lots to give pH rariges of J.?2-5.97 and reincubated at 70 F

a sterile solution of
for another 24 hours.

The diacetyl content at the end of

this time was greatest at pH J.72 (12 ppm) but was not much
greater than at pH 4.31 (10.7 ppm) where it was found that
volatile acidity was at its greatest.

Small amounts of

diacetyl were produced above pH 5.01 but increased rapidly
below that value to pH 4.J1 with lesser increases below
that value.
1996 3 0
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Methods for analysis of diacetyl.

The first general method

used to analyze for acetylmethylcarbfnol and ·.diacetyl in
food products was 'developed and described by van Niel (28)
in 19~7 and van Niel

ll hl• (29)

in 1929.

Michaelian

tl

al.

(16) used this method for the analysis of acetylmethylcarbinol plus diacetyl in butter cultures.

The method was

a gravimetric a~alysis using steam distillation to drive
over diacetyl into a solution of hydroxylamine acetate.
With the addition of nickel chloride, a precipitate of
nickel glyoximate was obtained which was washed, dried and
weighed.

Acetylmethylcarbinol was commonly determined ·

together with diacetyl in a dairy product.

A solution of

ferric chloride was- added to the sample to oxidize the

acetylmethylcarbinol to diacetyl during the distillation.
Because diacetyl was ordinarily present in such small
amounts compared to acetylmethylcarbinol, results would be
inaccurate as very small amounts of nickel glyoximate from
diacetyl would be obtained for weighing.

The compound,

nickel glyoximate, is very slightly soluble in water and
this fact would contribute to a very substantial error when
dealing with small amounts.

The disadvantage of such a

method was that large amounts of sample were usually
required (200 g) and the analysis was lengthy since 48
hours were allowed for complete crystallization of the
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nickel salt.

Filtering, washing, and drying of the precip-

1 tate was then required bafore the de.t ermination was com-

plete.
In 1938 Prill and Hammer (24) introduced a colorimetric reaction that ·had a higher degree of accuracy than
the gravimetric method.

This method claimed to measure

diacetyl in amo-qnts as low ·as 0.001

mg

in 5 ml of water.

In· the analysis, the diacetyl is steam distilled from the
sample into 1 ml of 0 • .5 M hydroxylamine acetate until 5 ml
of distillate is collected in a calibrated test tube. · The
sample flask and distilling column were flushed with carbon
dioxide prior to the introduction of steam to prevent any
oxidation of acetylmethylcarbinol to diacetyl.
The test tubes of hydroxylamine acetate and distillate
were then heated in a water bath at

85 C for 1 hour to

insure conversion of diacetyl to dimethylglyoxime and then
excess hydroxylamine was converted to acetoxime by addition
of acetone dipotassium phosphate.

Acetoxime does not

interfere with the color complex.

After further additions

of ammonium hydroxide, potassium sodium tartrate and ferrous sulfate in that order, a red · colored ammonoferrous
dimethylglyoximate complex 1s formed.

The contents of the

test tubes were adjusted to 10 ml by the addition of distilled water and mixed.

After waiting 1.5 minutes to allow

development of full color intensity, the tubes were
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compared in a colorimeter.

Standards of dimethylglyoxime

were prepared and color developed in the same manner as the
unknowns •.
The authors stated that certain volatile homologs of
diacetyl will also produce colors with this procedure.
Glyoxal, methylglyoxal and acetylpropionyl were all found.
to produce red ~olors and pyruvic acid formed a yellow
color.

However, they stated that these compounds are not

ordinarily encountered in dairy products or dairy cultures·
and felt the method to be quite applicable for analysis of
diacetyl in these produc·t s.
Pien

il tl•

(22) reacted diacetyl with diam1nobenzid1ne

and obtained a yellbw color complex which they assumed resulted from the formation of a bisquinoxaline derivative.
Their method involved steam distillation of diacetyl from
the sample in a manner similar to that of Prill and Hammer.
On their apparatus an air condensor was used instead of the
water cooled cond·e nsors of the Prill and Hammer method.
They claimed the method to be useful for measuring as
little as

0.5 mg of diacetyl in a kilogram of butter using

100 g samples for analysis.

This would be equivalent to

0.5 ppm for a sample of this size.
Cox and Wiley (5) modified the Pien

il

al. method in a

search for a more ·accurate and less tedious method than the
gravimetric nickel dimethylglyoxime method for analysis of
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diacetyl in butter, cream, and lactic starters.

They

introduced a less fragile fractionatfng . colu.mn, reduced the
amount of sample to be analyzed and reduced the amounts of
the expensive reagents used.

They claimed their modifica-

tions increased the accuracy of the tests to detect diacetyl over a range of 0.005 to 0.2 mg, and the method gave
results comparable to the gravimetric nickel dimethylglyoxime method.
Englis

tl

al. (8), in an effort to shorten the time

required for the determination of diacetyl, read the absorbance of dimethylglyoxime at a wavelength of 225 mµ in the
ultraviolet range.

Diacetyl was steam distilled into 20 ml

of 10% hydroxylamine hydrochloride plus 10 ml of 40% sodium
acetate and converted to dimethylglyoxime by heating 1 hour
at 85 Cina water bath.

After diluting to 100 ml, a def-

inite absorption peak was easily read with no interference
of other substances such as acetylmethylcarbinol.

The con-

centration versus absorbance in aqueous solution conformed
to Beer's law.

They stated that attempts to determine di-

acetyl in butter and butter substitutes, without prior distiilation, were not successful.
Owades and Jakovac {20) introduced a modified version
of the Prill and Hammer method for the determination of
diacetyl which differed only by altering the distillation
procedure.

The flask containing the sample was immersed in

18
a

65 C water bath and nitrogen gas was bubbled through the

sample to carry the diacetyl into the· hydroxylamin~ acetate.

This adaptation replaced steam distillation in the

·original method.

--

Pack et al. (21) later modified the Owades and Jakovac
method from a single column analysis to a multiple column
apparatus so th~t 12 samples could be analyzed simultaneously.

The chief advantage they claimed was that the pro-

cedure allowed a number of samples to be analyzed at one
time, which permitted more accurate comparative data on
diacetyl production by starter cultures.

Their appara_tus .

was simplified and less expensive than the original Prill
and Hammer apparatus.

Although it . was stated that the

method of Owades and Jakovac was less lengthy than the
Prill and Hammer method, the time recommended for gassing
of the samples with nitrogen was

1.5 hr on a liquid sample.

They did not state if the method worked well for samples of
producte such as butter or other spreads where melting and
emulsification of the sample by steam would seem necessary.
Direct methods for estimation of ?iacetyl.

Many methods to

analyze diacetyl without prior distillation are reported.
Most of these have based their procedures on modifications
of the Voges-Proskauer test, which produces a red color due
to a reaction of creatine with diacetyl and acetylmethylcarbinol in a basic solution.
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Barritt (1) discovered he could intensify the color by
adding ~-napthol in alcoholic solution to the reaction and
thereby increasin~ the sensitivity of the test.

The test

was referred to by Prill~ .@1_. · (23) in a study of the
method for possible use for analysis of diacetyl in starter
cultures.

They stated acetylmethylcarbinol was oxidized to

diacetyl in the .reaction and therefore the test was not
specific for diacetyl.

Eggleton

tl !ll•

(6) studied the

Barritt reaction and showed that when creatine is present
in excess, the color intensity or absorbance is linear to
the concentration of diacetyl.

He found that amino acids

such as glycine ft-alanine andft-alanyl histidine inhibited
the production of color by diacetyl in the presence of
excess creatine.
Westerfeld (30) also used the modified Voges-Proskauer
test for determination of blood acetoin (acetylmethylcarbinol).

He stated that the Barritt modification made it

a satisfactory quantitative test with reproducible results
and it was sensitive enough to measure diacetyl or acetoin
in amounts of 1-12 ppm, although results were not linear
above

5-6 ppm.

He also reported that experiments with pure

compounds of diacetyl and acetoin showed maximum color
development within 5 to 10 min after addition of ~-napthol
and potassium hydroxide.

The color was somewhat unstable

after this time with possible losses of 10% of the highest
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absorbance within 30 min.

The color obtained with acetoin

was somewhat more stable with a maximum of cplor reached
approximately 1 hr after the addition of a-napthol to
potassium hydroxide.
Finkenbiner (9) -compared the results of the modified
Barritt reaction read at 10 min, with diacetyl by the Prill
and Hammer colo~imetric method, and found poor general
agreement between the two methods.

The deviations were

much greater for mixed strain starter cultures than for
artificially acidified single strain cultures.

Since -the

modifications of the Voges-Proskauer test measure both .diacetyl and acetylmethylcarbinol at a rather arbitrary time
of reaction, it would not be a reliable quantitative method
for either compound.

It would seem to be of value as a

quick screening method for determining the value of a
lactic culture for flavor production.
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EXPERIMENTAL PROCEDURE
The desirabil~ty of a lactic culture used in butter
manufacture 1s determined by the consistency of its acid
production and its flavor characteristics.

Diacetyl has

been established as an agent contributing to the organo. leptic flavor of butter and butter cultures.

A reliable

method for the determination of this compound is necessary
for the study of lactic cultures.

The procedures found

most reliable have involved distillation of diacetyl and a
subsequent development of a color complex specific for
diacetyl.
The Prill and Hammer (24) method was selected for
determining diacetyl in this research.

It was necessary to-

make several modifications in the apparatus and procedure
before the method was considered suitable for this study.
A

graphic representation of this apparatus is shown in

Figure 1.

The distillation columns were made according to

the specifications of Prill and Hammer (24) except that the
glass tubing between the first and second condensers was
fused rather than utilizing a neoprene stopper.

Neoprene

stoppers were found to decompose and leach materials which
interfered with the color reaction.

Silicone rubber stop-

pers were used to connect the sample flask to the column.
Glass construction was used wherever possible in the apparatus and minimized the chance of contaminating the steam.
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fused glass connection
between condensers - - - -~

Hoffman clamps

silicone rubber stopper - - -

FIG. 1.

Diagram of distillation apparatus.

2J
. Six of the columns were built and mounted at 8 inch
intervals on a Flex-frame structure as· shown in Figure 2.
All columns were connected to a single steam generating
source with a 3/4 inch diameter glass manifold 4 feet long
mounted horizontally to the rear of the Flex-frame.

Six

1/4 x 2 inch glass side arms were sealed into the manifold
at 8 inch intervals
to facilitate connection of the sample
..
flask to the manifold with 5 1/2 to 6 inch lengths of 1/4
inch rubber tubing.

A Hoffman type screw clamp was placed

on the tubing in order to regulate the steam flow.

A Day

pinch-clamp was placed on the tubing between the Hoffman
screw clamp and the glass inlet tube to shut off the flow
of steam.

Carbon dioxide was introduced to all the columns

in a manner similar to that of steam except that a separate
manifold of 1/2 inch diameter glass was used.

On the end

of the steam manifold, opposite the inlet, a side arm was
constructed to allow a vent to displace the air from the
manifold with steam ·and to remove any condensate forming
during the operation.

This was accomplished with a rubber

tubing leading to a drain and clamped off with a Day pinchclamp.

This arrangement also allowed for the venting of

steam when it was not required for the distillation.
The steam generating source consisted of a 5000 ml
round bottom flask with a 45/50 standard taper ground glass
top opening.

The steam outlet and pressure relief tube

FIG. 2.

Graphic representation of the modified Prill and Hammer apparatus.

t\)

+
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were constructed from a 24/40 standard taper· as illustrated
in Figure

J.

This was joined to the boiling flask by a

24/40;45/50 standard taper reducing adapter tube.

The

·pressure relfef tube acted as a · simple manometer to estimate a head of steam ·pressure which was nearly duplicated
for day-to-day operation.

The heat for generation of steam

was provided by .a Fisher burner.

The burner was kept at .

nearly the s ame adjustment for day-to-day operation.
Distillation Rrocedu~e~

Samples were weighed on an Ohaus

triple beam balance into tared 500 ml round-bottom flasks.
The sample size was chosen to contain between 0.00-0.08 mg
of diacetyl.

The sample generally ranged from 10-25 g for

most of the lactic cultures studied.

The flasks were

immediately attached to the distillation apparatus.
One milliliter of a solution of 0.5 M hydroxylam1ne
acetate was pipetted into 13 x 120 mm test tubes calibrated
at 6 ml and 10 ml • .These tubes were placed on the apparatus so the condenser tip was immersed in the reagent.
Two tubes per sample were collected.

In normal operation,

all of the diacetyl was collected in the 5 ml of condensate
in the first test tube, however, a second 5 ml portion of
distillate was routinely collected into a second tube as a
precaution against incomplete distillation of diacetyl into
the first tube.
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r

1....,.;..----- -- - t in OD glass tubing manometer

r - - - - - - - - - 24/40 ST ground joint

fused to tubing

24/40; 45/50 ST adapter

5000 ml boiling flask
45/50 ST joint

-<;-

¼ in

OD glass tubing

,___ rubber tubing to attach
to steam manifold
glass beads

FIG. 3.

Steam generator for modified Prill and Hammer apparatus.
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A slow stream of carbon dioxide was flushed through
the columns for 5 min by releasing the Day clamp on the ·
rubber tubing from the carbon dioxide manifold.

The inlet

tube in the flask (Figure 1) was positioned above the sample.

The rate was adjusted with the Hoffman screw clamp so

that all columns were flushed at approximately an equal
rate, and the Hoffman clamp was left on the tubing permanently.

The setting was usually not disturbed for day-to-

day operation.

At the end of 5 min the flow of carbon

dioxide was shut off with a Day clamp.
During the time the columns were being flushed with
c~rbon dioxide, the steam manifold was flushed of atmospheric oxygen with flowing steam.

To begin the distilla-

tion, the Day clamps were removed from the steam inlet
tubings and the steam vent clamped shut.

The glass inlet

tube in the sample flask was then turned do~m into the sample.

The Hoffman screw clamp was used to regulate the flow

of steam so that the first 5 ml of distillate was collected
in approximately 20 minutes.
Once the proper Hoffman clamp settings were determined,
the settings were not disturbed except for minor adjustments during the course of distillation.

If the inlet

tubes were not turned into the sample immediately after
introduction of steam, the reagent in the receiving tube
was drawn into the condenser.

During the collection of the
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last 1 ml of distillate, the tube was lowered· slightly so
that the condenser tip was above. the

6

ml mark allowing any

diacetyl residue to be flushed from the condenser tip.
The condenser jackets were not filled with water and
drained from the reflux condenser as specified in the Prill
and Hammer (24) method.

It was found that a negative pres-

sure developed w~en water was circulated through the final
condenser during distillation.

This caused the reagent in

the receiving tube to be drawn into the condenser.

It was

found that the columns functioned as air condensers during
the time of distillation.

This modification corrected . the

problem of negative pressures within the columns.
After the second receiving tube was removed from the
column, the inlet tubes were turned out of the sample and
steam was allowed to flow into the column as during distillation.

Following this, inlet tubings were pinched off

with the Day clamp and the Day clamp was removed from the
steam manifold vent.
Development of color.

The tubes of distillate were stop-

pered after removal from the appa~atus.

After all the

tubes were collected, the color was developed according to
the method stated by Prill and Hammer (24).

The quantity

of concentrated ammonium hydroxide was increased from
O.J ml to

0.5 ml to insure an excess of reagent.

This made

it necessary to reduce from 2.2 ml to 2.0 ml the amount of

?
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saturated sodium potassium tartrate.

This reduction did

not have any effect on the color reaction.
After the addition of the ferrous sulfate solution,
the contents of the test tubes were adjusted to the 10 ml
mark with distilled water and then transferred to a matched
set of cuvettes.

The cuvettes were allowed to stand for

15 -min to allow ~or full development and stabilization of
the· color.

The absorbance was read on a Coleman Model 14

Spectrophotometer equipped with a purple filter (Coleman
#14-214) at a wave length of 530 mµ.

The instrument was

adjusted at 100% transmittance with reagent blanks prepared
by adding

5 ml of distilled water, 1 ml of 0.5 M hydroxyl-

amine acetate in a receiving tube and developed the same as
the unkno~m samples.
Matching of cuvettes.

A set of round 19 x 105 mm Coleman

cuvettes (Coleman #14-302) matched from the supplier within
1% transmittance wer~ used. ·The cuvettes were rematched
within a tolerance of

0.5% transmittance on the Coleman

Model 14 Spectrophotomet~r with a purple filter (Coleman
#14~214) in place.

Ten milliliters of distilled water were

placed in the cleaned cuvettes.

The dark field current on

the instrument was adjusted to zero.

A cuvette was arbi-

trarily selected to adjust the galvanometer at 100% transmittance.

Cuvettes reading between 99.5 and 100% trans-

mittance were selected for use.
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Determination of optical absorbance maxima.

The optimum

optical absorbance of the color complex of diacetyl was
determined with a sample containing the equivalent of
0.04 mg of diacetyl made from the dimethylglyoxime standard.
The dimethylglyoxime ·sample and a reagent blank were developed accor ding to the procedure described by Prill and
Hammer (24).

50%

This concentration gave a reading near

transmittance, which is near the center of the usable
transmittance range • . The galvanometer was nulled with the
reagent . blank at each wave length reading.

The absorbance

maxima were determined for the range of 400 mµ to 650 mµ
using a Coleman Model 14 Spectrophotometer equipped with
the No. 14-214 purple filter.

Figure 4 shows the maximum

of absorbance to be at 530 mµ.

Preparation of the standard curve.

A standard curve was

prepared using a stock solution of dimethylglyoxime which
contained the equiv~lent of 0.1 mg/ml of diacetyl.

The

dimethylglyoxime was purified by recrystallization from
alcohol and dried for 2 hr at 105

c.

An amount of 0.1349 g

was_ weighed on an analytical balance and transferred to a
1000 ml volumetric flask.

Fifty milliliters of methyl

alcohol were added to the flask to dissolve the dimethylglyoxime, 30 ml of

0.5 M hydroxylamine acetate was added

and the volume made to 1000 ml with distilled water.

This

stock solution was diluted using volumetric glassware so
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that 0.02, 0.04, 0.06,

o.oa

and 0.10 mg quantities of di-

acetyl were pipetted in triplicate into test tubes graduated at 6 and 10 ml.

One milliliter of

0.5

M hydroxylamine

acetate was added to each of the tubes and the volume
adjusted to 6 ml with distilled water.

The ~amples and two

reagent blanks were developed for color according to the
method of Prill ~nd Hammer ·(24) with the modifications
de~cribed earlie~.

After development of color, the con-

tents of the tubes were transferred to the matched-cuvettes
and read after 1.5 min at .530 mµ.
The diacetyl content of the unkno\'ms in parts per. million (ppm) was determined by comparison to the standard
curve of dimethylglyoxime according to the following calculation:
1000 µg
Absorbance of unknoi,m samnle) x
m
=
slope x weight of sample g

ilf'

or ppm

Slope is equal to absorbance over concentration of
diacetyl (mg) determined from the standard curve.

The

slope determined from Figure .5 was 6.72.
Preparation of cultures.

Pure strains of citric acid fer-

menting bacteria were obtained from the culture collection
at South Dakota State University.

Streptococcus diacetyl-

actis ATCC 1367 .5 and L. ci trovoru.m ATCC 8082 were obtai.ned
from the American Type Culture Collection, Rockville,
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Maryland.

The culture, designated as ''KF", 1s a culture of

~. citrovorum that is commercially available from Klenzade
Products, Beloit, Wisconsin.

It 1s described as "Special

Flavor culture" for cottage chee.s e dressing.

Culture 13 is

~. citrovorum that was isolated from a mixed strain multi- .
ple type culture in the laboratory at South Dakota State
University.

Before beginning any experiment, these cul-

tures were transferred daily for several successive propagations into sterile litmus milk in cotton-stoppered test
tubes.
Preparation of mother cultur~.

The milk used for the

growth of the mother culture was reconstituted from Land
0' Lakes pretested nonfat dry milk (NFDM) to 10% nonfat
milk solids (116 g NFDM to 1000 ml distilled water).

A

200 ml portion of this milk was heat treated at 121 C for
10 min in foil covered Erlenmeyer flasks. · After heating,

the temperature of ~he milk was adjusted to 21 C and a 2%
inoculum transferred from a litmus_ milk culture into the
prepared milk.

The culture was then incubated at 21 C for

18 or 24 hours.

Since the cultures did not produce suffi-

cient amounts of lactic acid to coagulate the milk, growth
was checked after incubation ·by smearing several loopfuls
on a slide, staining the smear with Gram's stain and
observing for typical coccoid cells with a microscope using
an oil immersion lens.

The culture was placed in the
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refrigerator at 5 C until used as an inoculum for larger
amounts of milk in the indi vidua_l experiments.
~reparatJon of experimental cultures.

The milk used for

the experiments was prepared from the same source of NFDM
as used for the mother cultures.

It was heat treated for

10 min at 121 C in foil covered Erlenmeyer flasks and
cooled to 21 C prior to inoculation with 2% of the specified culture.

After the specified growth period at 21 C,

100 ml portions of the ·cultures were dispensed, with the
aid of a sterile 100 ml graduated cylinder, into steri~e
140 ml screw capped dilution bottles (Corning #1367).
These 100 ml portions were then acidified with 15% (w/w)
citric acid which had been sterilized at 121 C for 10 min
and placed in an incubator for the specified time and temperature before analysis.
The pH of the cultures was determined using a Beckman
model H2 line operated pH meter which was standardized with
pH 4.0 and pH 7.0 buffers prior to each set of readings.
Plating Procedures.

Bacterial counts of the cultures were

determined by the method described in Standard Methods for
the Examination of Dairy Products (26) except that a "Lactic Agar," described by Elliker _tl al. (7), was used as
the growth medium.

Eleven grams of culture were weighed
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into a dilution bottle containing 99-ml of phosphate buffered water. Plates were poured for dilutions 10- 4 through
10-

8

for each analysis.

The plates were incubated for 5

days at 21 C and counted with the aid of a Quebec colony
counter.
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RESULTS AND DISCUSSION
The quantitative determination of diacetyl in cultures
by the gravimetric method involved a distillation procedure
and precipitation, drying and weighing of the nickel
dimethylglyoxime.

It was also subject to some inherent

error such as slight solubility of the nickel dimethylglyoxime precipftate, incomplete precipitation or losses in
·washing and filtering the precipitate.
Direct determination of diacetyl without prior distillation of the sample has been attempted by several workers.
This determination does not yield results comparable to the
distillation method.

The direct procedures are based on

modifications of the Voges-Proskauer reaction and measure
an indefinite portion of acetylmethylca.rbinol in the samples, as well as diacetyl.
Modification of Prill and Hammer method.

The determination

of diacetyl as deveioped by Prill and Hammer (24) in 1938
involved the estimation of diacetyl in the unknown sample
by comparing it visually or with the aid of a colorimeter
against standard concentrations of diacetyl.

These stand-

ards are made from dimethylglyoxime equivalent to concentrations of 0.010 to 0.150 mg of diacetyl.

They claimed

sensitivity to detect 0.001 mg of diacetyl in 5 ml of water
when compared visually to a blank.

They stated that

36
0.010 to 0.50 mg of diacetyl could be conveniently measured
in a final volume of 10 ml with the a~d of a colorimeter.
When two or more samples were to be run, the method
was cumbersome and each distillation apparatus could not be
given adequate attention.

The present method was adapted

for use with six columns by using a single steam generating
boiler with a m~nifold, which eliminated the use of the
water condensers.

The flow of steam and carbon dioxide was

controlled with a Hoffman screw type clamp and Day clamps.
The method was adapted for use with a spectrophotometer.

Maximum absorbance of the color complex occurred at

530 mµ as seen in Figure 4.

Pack

il &•

(21) also reported

using a wave length of 530 mµ, employing the Owades and
Jakovac (20) method for determination of diacetyl in mixed
strain cultures.

Their procedures used the Prill and

Hammer method for development of the color complex but
utilized nitrogen gas to purge diacetyl from the cultures.
Mather and Babel (15), using the Prill and Hammer method,
reported an absorbance maximum of 430 mµ for the diacetyl
content of creamed cottage cheese.
In Figure 5 it is seen that the concentration of diacetyl versus the absorbance of the colored complex conformed to Beer's law, although there seemed to be some
decline from the straight line relationship at 0.10 mg of
diacetyl.

However, 0.10 mg of diacetyl gave readings of
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.668 to .658 absorbance, which is near the limit of the usable range on the spectrophotometer scale.

Samples which

are of greater color intensity may be diluted according to
the procedure described by Prill and Hammer (24).

If it is

possible to anticipate the concentration of diacetyl in a
culture, sample size should be adjusted to yield between ·
0.05 and 0.10 m~ of diacetyl.

Recovery of diacetyl using the modified apparatus.

Recov-

ery of diacetyl from 10 ml of sterile 10% reconstituted
NFDM was determined.

A diacetyl solution to be added to

the flasks was prepared by weighing 0.1272 g of dia.cetyl
(Eastman reagent Chemical Catalog No. 1.591) into a weighing
bottle.

This was transferred with the aid of distilled

water to a 1000 ml volumetric flask, and then made to volume with distilled water.

Desired concentrations of di-

acetyl were obtained from this solution by further dilution
in volumetric glass~are.

Concentrations of 0.00.5, 0.010,

0.025, 0.050, 0.075 and 0.100 mg were added to 500 _ml
round-bottom flasks for recovery determinations.

Ten mil-

liliters of the sterile reconstituted NFDM was pipetted
into the flasks along with 0 • .5 ml of a 10% (v/v) lactic
acid solution.

The same amounts of diacetyl were also

added in duplicate directly to a calibrated receiving tube
containing 1.0 ml of hydroxylamine acetate, and the color
developed without prior distillation.

The samples in the

40

.

flasks were then distilled according to the modified Prill
and Hammer procedure and all solutions developed for color
simultaneously.
From the results given in Table 1, average diacetyl
recovery ranged for 104.2% at 0.010 mg of diacetyl to 97.4%
at 0.100 mg of diacetyl.

There was consistently more than

100% recovery a~ concentrations of 0.005, 0.010 and 0.025

mg of diacetyl.

Less than 100% recovery was made at quan-

tities of 0.050, 0.075 and 0.100

mg

of diacetyl.

The lower

recovery values at the higher concentrations could possibly
be due to incomplete trapping of diacetyl in the hydroxylamine acetate.

It was .observed that during distillation of

very high concentrations of diacetyl, a pale yellow color,
presumably due to diacetyl, could be seen in the first
drops of condensate.

At these higher concentrations, some

diacetyl might be entrained in the carbon dioxide gas bubbles passing through the hydroxylamine acetate as carbon
dioxide is displace·d from the system with steam.
At a concentration of 0.005

mg

of diacetyl, the aver-

age recovery was 125.3%, which would not be of sufficient
precision to make the test reliable at this concentration.
The blank determination on acidified sterile reconstituted
NFDM produced readings of 98 to 99% transmittance.

These

readings would be equivalent to a quantity of 0.0013 mg of
diacetyl or less.

However, such an amount would be 25% of

TABLE 1
Recovery of diacetyl from reconstituted NFDM
using a modified Prill and Hammer
distillation apparatus
Approximate quantity of diacetyl added (mg) 8
Column

0.005

0.010

0.025

1
2
3
4
5
6

0.0073
0.0088
0.0079
0.0082
0.0075
0.0079

0.0122
0.0124
0.0126
0.0128
0.0124
0.0120

0.0299
0.0303
0.0299
0.0286
0.0299
0.0306

0.0568
0.0561
0.0565
0.0549
0.0565
0.0568

0.0823
0.0823
0.0823
0.0823
0.0823
0.0841 .

Average recovery (mg)

0.0079

0.0124

0.0299

0.0562

0.0826

0.1050

Diacetyl in reagent (mg)b

0.0063

0.0119

0.0296

0.0576

0.0847

0.1077

125.3

104.2

101.0

97.6

97.5

97.4

Percent recoveryc
8

b

0.050

mg recovered

0.075

0.100
0.1040
0.1048
0.1048
0.1048
0.1048
· 0.1065

Based upon weighed quantity of reagent.
The average quantity of diacetyl determined for duplicate samples of diacetyl solutions placed
directly in receiving tubes.

cThe average recovery compared to (b), expressed ~s percent.

+:"
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the 0.005 mg quantity of diacetyl which may explain the
overrecovery when quantities below 0.010 mg of diacetyl are
analyzed.

Pack

il &•

duced an absorbance of

(21) found that control milk pro-

o. 02

at .530 mµ· which they considered

to be negligible.
Quantities of diacetyl below 0.010 mg would produce
readings of 90% .transmittance and above.

It is generally ·

recommended that readings at ' the extreme ends of the galvanometer scale be avoided in spectrochemice,l analysis, as
the effective instrument error becomes 10% or more of the
measured concentration at 90% transmittance.

This error

increases as readings approach 100% transmittance.
The maximum quantity of diacetyl suitable for colori- .
metric analysis seems to be about 0.100 mg.

This quantity

of diacetyl produces transmittance values of 20% or below,
which is a practical lower limit of reading the spectrophotometer.

The logarithmic nature of the absorbance scale

begins to detract greatly from the precision of the reading
at this point.

Also, the effective instrument error begins

to increase at this point as the transmittance values
approach zero.
If

an

approximate quantity of diacetyl in a sample can

be ascertained to improve precision, sample size should be
increased 1f less than 0.010 mg of diacetyl 1s present.
Sample size should be decreased if more than 0.10 mg of
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diacetyl is present.

However, samples producing absorbance

greater than desirable may be diluted· according to Prill
and Hammer (24).
Studl ·of single strain cultures. · Often a multiple·-type
mixed strain culture intended for use in butter and containing

s.

lactis ors. cremoris and citric acid fermenting

bacteria has oniy a "flat acid" flavor, and has not devel·oped the desirable flavor of a good butter culture.

In

such cases, it is a common practice to allow the culture to
incubate from 4 to 21 hours longer than the customary 16-18
hourst to allow for the development of the associative bacteria, flavor and aroma.

Citric acid is necessary for the

production of diacetyl by the citric acid fermenting asso-,
ciative bacteria and is found naturally in milk in trace
amounts.

The growth of pure cultures of citric acid fer-

menting bacteria before and after acidification of the milk
with citric acid to pH

4.5 was investigated. This would

simulate the conditions of acidity in a multiple type,
mixed strain culture which produces lactic acid in milk to
a pH value of

4.5 or lower.

The effect of numbers of cells on diacetyl production.

In

this study, s. diacetylactis ATCC 13675, L. citrovorum KF,
~. citrovorum ATCC 8082, and L. citrovorum 13 were compared
with respect to growth rate, numbers of cells and diacetyl
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production 24 hours after acidification with citric acid to
pH

4.5. A 2% inoculum of the mother·culture of each organ-

ism was used to inoculate 1200 ml of sterile 10% reconstituted NFDM.

In each instance, 100 ml portions of the inoc-

ulated NFDM was dispensed aseptically into 140 ml screw cap
dilution bottles.
18 and 36 hours.

These were incubated at 21 C for?, 12,
After the incubation period they were

acidified to pH 4.5 with 15% (w/w) sterile citric acid and
returned to the incubator at 21 C for 24 hours.
of this time they were analyzed for diacetyl.

At the end
Plate .counts

were made at the time of acidification and 24 hours after
acidification.
The results in Table 2 indicate that maximum numbers
of organisms are generally attained within 18 hours after
inoculation of the cultures.

An

additional 24 hours of

incubation after acidification at 21 C did not cause any
large changes in numbers of viable organisms.

Although the

concentration of d1acetyl produced by the cultures varied,
it seemed that 12 to 18 hours of incubation prior to acidification produced diacetyl concentrations nearly equal to
those produced by longer incubation periods prior to acidification.
Culture 13675 had a consistent decline in numbers of
viable organisms during the 24 hour period after acidification.

Culture 13 showed an increase in numbers of

TABLE 2

Comparison of numbers of cells and diacetyl production by associative bacteria
at different incubation periods before acidification
and 24 hours after acidification
Hours of incubation prior to acidification
CUl ture

KF

13675

TPC 8
TPCb
AC2c

7.3

X

10 4

7
1.8 X 10
2.0 X 10 7
3.89

TPC 8
TPCb ·
AC2c

2.9

X

106

66 X 107
54 X 10 7

a

b

8.16

8082

TPC
TPCb
AC.,c

1.3

X

10 7

7
7.0 X 10
9.6 X 10 7
o.o3

13

TPCa

1.9

X

106

7
43 X 10
75 X 107
5.57

TPCb
AC c
2

a

7

0

12

18

7
7
2.3 X 10
9.56

7
2.9 X 10
3.4 X 10 7
8.76

180 X 10 7
150 X 10 7

6.13

200 X 107
180 X 10 7
9.02

120

X

X
X

7
10
10 7
0.29

41 X 10 7
48 X 107
0.29

65
51

X

90 X 107
126 X 107
7.03

98 X 107
7
90 X 10
6.30

.2 .8 X 10

23
53

- 36

24

2.4 X 107
7
3.2 X 10
9.71

Lost

10 7

9.71

10 7
7
X 10
0.42

85 X 10 7
101 X 10 7
9.71

3.3 X 10 7
3.9 X 10 7
10.47
149 X 107
100 X 107

5.43

71
64

10 7
7
X 10
o.so
X

7
102 X 10
7
88 X 10
7.73

Plate count per gram - 24 hours incubation at 21 C prior to acidification to pH 4.5 with 15%
(w/w) citric acid.
.

Plate count per gram - 24 hours additional incubation at -21 C after acidification.

cDiacetyl (ppm) found following 24 hours additipnal incubation at 21 C after acidification.

.{!""
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organisms during 24 hours of acidification after the initial incubation of 7 and 12 hours.
Culture KF did not produce as great a number of cells
as the other cultures studied. · -At the end of 18 hours of
incubation, prior to -acidification, growth was essentially
completed with just slight increases in numbers of cells
beyond 18 hours ~f incubation.

Concentrations of diacetyl

produced by the culture did not increase greatly beyond 12
hours of incubation prior to acidification.

There was

little change in numbers of organisms in KF during the 24
hour incubation period after acidification.
Cultures of 13675 and of isolate 13 produced the
greatest numbers of- organisms per gram of culture.

Maximum

numbers of cells were again attained in 18 hours of incubation.

Quantities of diacetyl produced by these organisms

were not greater than that produced by KF at 12 hours or
more of incubation prior to acidification, although there
were 30-50 times the numbers of organisms in these cultures
compared to KF.
Culture 8082 failed to produce appreciable amounts of
diacetyl (0.5 ppm maximum), although it produced numbers of
cells comparable to the other organisms investigated.

It

is possible that after long periods of propagation without
exposure to acid conditions, that it has lost some of its
ability to produce diacetyl.
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The ability of single strain citric acid fermenting
cultures to produce diacetyl wo_u ld seem to vary greatly.
The capacity of a cell to produce diacetyl would also seem
·to vary as KF produced greater -concentrations of diacetyl
than cultures in wh1·ch cell counts up to 50 _times that of
KF were attained.
The effect of pn and temperature on diacetyl production.
Michaelian

ll ll•

(16) found that the production of di-

acetyl plus acetylmethylcarbinol at 21 C by single strain
citric acid fermenting streptococci was dependent on pH.
The production of diacetyl by a single strain citric acid
fermenting streptococcus should be investigated with
respect to pH and temperature.
A single strain culture,&• citrovorum KF, was
selected for this study as it had produced consistently
high concentrations of diacetyl during preliminary work
with single strain isolates of·citric acid fermenting bacteria.
Culture KF was grown in 10% sterile reconstituted NFDM
for 18 hours at 21

c.

One hundred milliliter portions were

dispensed aseptically into sterile 140 ml screw cap dilution bottles and acidified with 15% (w/w) citric acid to
the desired pH values ranging from pH 4.0-5.25 in 0.25 pH
increments.

The cultures were replaced in the incubator

for 18 hours at 21 C or 27

c.

At the end of this period
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the cultures were removed from the incubator and analyzed
immediately for diacetyl.
Table 3 shows the quantities of diacetyl produced.

A

greater
quantity of diacetyl was produced . at 27 C than at·
.
-

21 C.

This was evident at all pH values 1nve·s tigated.

At

21 C and 27 C the highest concentrations of diacetyl were
produced at pH ~-25-4.50.

The quantities of diacetyl pro-

duced decreased as pH 5.25 was approached from the optimum

pH.

There was also a decrease of diacetyl at pH

4.oo.

TABLE 3
Effect of pH on diacetyl production by Leuconostoc
citrovorum KF at 21 C and 27 Cat
18 hours after acidification
Temperature

pH

21 C

4.oo

8.65

4.25.
4.50
4.75

5.25

a

11.08

13.68

10.65
10.01
9.66
5.06

5.00

8

Diacetyl {ppm)

2? C

13.?0
12.00

8.30
6.08

4.08

Average of analyses run in duplicate
Michaelian

tl

!!_. {16) found the optimum pH for di-

acetyl plus acetylmethylcarbinol production by strains of
citric acid fermenting streptococcus at 21 C for 24 hours
to be in the range of pH 4.0-4.J.

No analyses of diacetyl
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alone were made • . Mather and Babel (15) studied diacetyl
production using a pure strain of~. citrovorum acidified
with citric acid and incubated for 18 hours at 21

c.

They

found the greatest amount produced at pH 3.70 (12 ppm).
The amount of increase was not great at pH values less than

4.30 (10.7 ppm).

They found only small amounts of diacetyl

produced above ~H 5.00 (2.1 ppm).
Incuba tion at 27 C after acidification, produced a
greater concentration of diacetyl than at 21

c.

It was

decided to investigate incubation temperatures of 27 C,

32 C and 37 C after acidification in an attempt to shorten
the time for production of substantial concentrations of
diacetyl with singl·e strain cultures.

Analyses for di-

acetyl were made after 2 hours and 6 hours at the above
temperatures.

The cultures were propagated and dispensed

in the same manner as those in Table 3 and acidified to pH

4.5 with 15% (w/w) citric acid.
The results on Table 4 indicate substantial amounts of
diacetyl were produced at 6 hours after acidification at

32 C and 37 c.

The concentration produced at 21 C in 6

hours was much lower than that produced at 32 C or 37 C

(4.50 ppm versus 11 ppm).

There seemed to be little advan-

tage of 37 C incubation over 32

c.

A range of 32 C to 37 C

would appear optimum for diacetyl production.

Incubation

at 32 C and 37 C for periods as short as 6 hours after

so
TABLE 4
Effect of incubation temperatures on the production
of diacetyl by Leuconostoc citrovorum KF
after 2 and 6 hours of acidification
Time after
acidification

Temperature

21 C

Diacetyl (ppm)a

hr
0
2

6

37 C

32 C

0.32

1.59
4.50

0.32

0.32

4.60
11.35

4.06
11.03

a.Average of analyses run in duplicate
acidification would shorten the time for preparation of
single strain citric acid fermenting butter cultures.
Higher incubation temperatures should not endanger the cul~
ture greatly from the basis of surviving spore forming bacteria or other contaminants in the milk because a pH of 4.5
is inhibitory to most bacteria which would contaminate a
culture.

The short incubation time should also preclude

extensive development of dormant sporeforming bacteria.
The heat treatment of 121 C for 10 min would effectively
kill all of the competing organisms.

The effect of aeration on diacetyl production.

ll

Brewer

al. (4) ~studied the effect of agitating butter cultures

and citric acid fermenting bacteria under air or oxygen
pressure in specially constructed vessels.

The production
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of diacetyl by

b•

citrovorum KF was investigated under the

effect of agitation.
A 2% inoculum of a mother culture of KF was added to
1000 ml portions of sterile 10% ·reconstituted NFDM in a
sterile 2000 ml Erlenmeyer flask protected with foil.
After an incubation time of 18 hours at 21 C, the flasks
were acidified with sterile 15% (w/w) citric acid to pH
and. incubated at 21

c.

4.5

Samples were taken for analysis

with sterile pipettes at 0,1,2,4,8,16,20,24,30,36,42 and 48
hours after .acidification.

One flask was left in a quies-

cent state while another was aerated by placing it on _a
Burrell wrist action shaker which was operated at its
slowest speed.
Table

5 shows the effects of the additional aeration

compared to the culture which was left in a quiescent
state.

There was a high initial rate of increase in di-

acetyl for both cultures with little difference between
aerated and nonaerated samples until 8 hours after acidification.

After 8 hours the rate of diacetyl production in

the nonaerated culture decreased.

The concentration of di-

5.65 ppm.

This increased slowly to

acetyl at this time was

6.93 ppm and 7.42 ppm at the end of 16 and 20 hours respectively.

Beyond 8 hours the KF culture which was aerated by

shaking, increased in diacetyl content at a faster rate
than the nonaerated culture.

The rate of increase showed
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TABLE 5
Effect of aeration on diacetyl . production by
Leuconostoc citrovorum ·KF
··· Time after
acidification

Aerated
on shaker

Nonaerated

hr

Diacetyl {ppm)
.20

0
2

.20

J.49
4.65
5.65
6.93
?.42
?.31
?.13
9.02
9.43

4

8

16
20

24
30
36

48

3.55

Lost

9.71

11.?0

14.90
15.82
18.32 .
26.07

31.10

little apparent leveling off within the 48 hour period
investigated in the aerated culture.

At the end of 48 ·

hours the diacetyl concentration of the aerated culture was
31.1 ppm compared to 9.43 ppm of diacetyl in the nonaerated

culture.

At this time the experiment was stopped.

The aeration of culture KF by agitation at atmospheric
pressure increased the concentration of diacetyl produced
when compared to the nonaerated control within 8 hours
after acidification of the culture.
Brewer

il fil.•

This would agree with

(4) who found increases of diacetyl when

butter cultures were exposed to 15-60 pounds per square
inch of air pressure with or without agitation.

They con-

cluded that air pressure without agitation was ineffective
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1n increasing diacetyl content of a culture, but with agitation air pressures above

15 pounds per square inch pro-

duced increased yields of diacetyl.

They did not compare

-the effect of agitation on citric a.cid ·fermenting bacteria
without the influence of air pressure.

With air being

bubbled through cultures of citric acid fermenting bacteria
under 60 pounds yer square inch of air pressure at 21 C
they found more than twice the concentration of diacetyl
compared to nonaerated controls.

The time of analysis

after the acidification of the cultures with citric acid
was not reported.

SUMMARY AND CONCLUSION
The colorimetric method of .Prill and Hammer (24) for
the determination of diacetyl, introduced in 1938, was more
accurate and more convenient to perform than the gravimetric determination of van Niel (28) for acetylmethylcarbinol and diacetyl.

However, the Prill and Hammer

method still required a lengthy and involved procedure of
steam distillation, which made it difficult for one analyst
to operate more than two distillations simultaneously.
Therefore the method of distillation was modified in order
that six samples might be distilled simultaneously with one
apparatus and one steam source.
Steam and carbon dioxide were introduced to the distilla.tion flasks by means of manifolds and rates of flow
were controlled with Hoffman screw clamps on the rubber
tubing introducing steam or carbon dioxide to glass inlet
tubings of the distillation flasks.
The method wa.s also adapted to use withe. spectrophotometer.

The absorba,nce maximum of the dimethylglyoxime

complex formed was 530 mµ.

The concentration of diacetyl

versus absorbance conformed to Beer's Law up to concentrations of 0.100 mg of diacetyl.

The slope of the standard

curve decreased for concentrations of diacetyl greater than
0.100 mg.

This was considered as the practical limit for

spectrochemical analysis.
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This modified Prill and Hammer apparatus was tested
for recovery of diacetyl from 10 ml of reconstituted NFDM
acidifi'ed with lactic acid.

Average recovery of diacetyl

varied from l04.2% at 0.010 mg concentrations of diacetyl
to

97.4% at 0.100 mg .of diacetyl.

The greatest precision

was obtained with samples containing between 0.010-0.001 mg
of diacetyl.

Reproducibility between columns was satisfac-

tory at all concentrations.
Several single strain cultures of citric acid fermenting streptococci were investigated for diacetyl production using the modified Prill and Hammer procedure.

Num-

bers of bacterial cells were determined from 7-36 hours
after inoculation. - Cultures were acidified with sterile
citric acid to pH 4.50 after these initial incubation periods and incubated an additional 24 hours at 21

c.

Maximum numbers of organisms were attained within 18
hours after inoculation.

After acidification with citric

acid and holding an· additional 24 hours at 21 C, diacetyl
concentrations produced were equal to or slightly less than
those produced by longer incubation periods prior to acidification.

Plate counts made 24 hours after acidification

indicated that two strains increased in numbers during this
period when maximum numbers had not been attained during
the 7 hour incubation period.

Two of the cultures
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studied did not change appreciably in numbers . following
acidifica.tion.
The effect of ·pH and temperature on diacetyl production by L. citrovorum KF was studied.

After an initial

growth period of 18 hours at 21 C, the pH of the cultures
were adjusted from 4.00-.5.25 in 0.25 pH increments with
sterile citric acid.

The cultures were held at 21 C and

27 'C following acidification.

Optimum diacetyl production

was exhibited by culture KF at pH values of 4.25-4.50 both
at 21 C and 27

c.

The quantities of diacetyl produced. at

27 C were higher than at 21 C for all pH values studied ·.
Higher incubation temperatures, after acidification,
increased the rate of dia.cetyl production by culture KF.
Temperatures of 32 C and 37 C produced greater concentrations of diacetyl in culture KF than did 27 C or 21

c.

Concentrations in excess of 11.0 ppm were produced at 32 C
and 37 C within 2 hours and 6 hours respectively after
acidification.
The production of appreciable quantities of diacetyl
(over 10 ppm) by a single strain culture can be shortened
to 24 hours (18 hour incubation) by holding the acidified
(pH 4.50) culture at 37

c.

An incubation temperature of

32 C or higher should not

endanger the cultures _from the standpoint of growth of contaminating organisms.

The addition of citric acid to
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produce a pH of 4.50 or below should be sufficient to
inhibit such contaminants.
The effect of aeration after acidification on diacetyl
production by~- citrovorum KF was studied. · Both the aerated and nonaerated cultures ·showed a similar initial rate
of increase of diacetyl production up to 8 hours after
acidification.

After 8 hours the rate of diacetyl produc-

tion in the nonaerated culture ·decreased while the aerated
culture showed little apparent leveling off of the rate of
diacetyl production within the 48 hour period investigated.
The concentration of diacetyl 48 hours after acidification
was 9.43 ppm for the nonaerated culture and 31.10 ppm for
the aerated culture-.
The fact that single strain cultures, such as KF, produce high levels of diacetyl would not necessarily make
them acceptable with today's space and time requirements in
modern dairy processes and plants.

The addition of such

cultures to the butter just prio~ to "working" in of the
moisture must be investigated to determine the acceptability of butter produced in this manner.
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